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(54) Biosensor using a sodium salt as mediator 

(57) A biosensor is disclosed which facilitates high 
accuracy quantitation of a substrate by best eliminating 
adverse effects of red blood cell existing in blood togeth- 
er with the substrate. The biosensor comprises an elec- 



trode system including a working electrode and a coun- 
ter electrode formed on an electrically insulating base 
plate, and a reaction layer containing at least an oxidore- 
ductase and an electron acceptor, wherein the electron 
acceptor is a sodium salt. 
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Description 

[0001] The present invention relates to a biosensor for 
quantitating a specific component contained in a sample 
collected from a body. 

[0002] Conventionally, a biosensor has been dis- 
closed in Japanese Laid-Open Patent Publication Hei 
3-202764 as a system for facilitating simple quantitation 

ui a SpeCifiC CGrnpCfi6r»i ifi a Sctnfipic With FiG ficcd Oi di- 
lution or agitation of a sample solution. 
[0003] This conventional biosensor is produced by 
forming an electrode system having a working electrode 
and a counter electrode on an electrically insulating 
base plate by a screen printing method or the like and 
subsequently forming an enzyme reaction layer includ- 
ing a hydrophilic polymer, an oxidoreductase and an 
electron acceptor above the electrode system. 
[0004] When the biosensor thus produced is added 
with a drop of a sample solution containing a substrate 
over the enzyme reaction layer, the enzyme reaction 
layer is dissolved in the sample solution. As a result, 
reaction between the substrate in the sample solution 
and the enzyme in the enzyme reaction layer will take 
place, which in turn causes oxidation of the substrate 
and reduction of the electron acceptor. Upon completion 
of enzyme reaction, the reduced electron acceptor is ox- 
idized electrochemically. The concentration of the sub- 
strate in the sample solution can be quantitated based 
on the oxidation current value measured during this ox- 
idizing process: 

[0005] Such biosensor can quantitate various sub- 
strates if an adequate oxidoreductase fit for the meas- 
uring substrate is adopted. 

[0006] Here, a glucose sensor will be described as an 
example of biosensor. 

[0007] Conventionally known method for electro- 
chemical quantitative measurement of glucose is a sys- 
tem comprising a combination of glucose oxidase 
(EC1 .1 .3.4) with an oxygen electrode or a hydrogen per- 
oxide electrode (e.g., "Biosensor", ed. by Shuichi Suzu- 
ki, Kodansha, Japan). Glucose oxidase selectively oxi- 
dizes a substrate p-D-glucose to D-glucono-6-lactone 
by utilizing oxygen as an electron acceptor. In associa- 
tion with this oxidation reaction, the electron acceptor 
oxygen is reduced to hydrogen peroxide. Glucose con- 
centration can be quantitated either by measurement of 
the oxygen consumption volume during this reaction us- 
ing an oxygen electrode or by measurement of the pro- 
duced amount of hydrogen peroxide using a hydrogen 
peroxide electrode. 

[0008] However, this method has a drawback that the 
measurement is largely affected by the concentration of 
the oxygen contained in a sample solution, depending 
on the measuring material. This system has another 
drawback that the system can not function as a biosen- 
sor in an environment lacking oxygen. 
[0009] To overcome these problems, a glucose sen- 
sor of a new type has been developed which includes 



an organic compound or a metal complex such as ferri- 
cyanides, ferrocene derivatives, quinone derivatives, 
etc. as electron acceptor, in place of oxygen. 
[0010] This biosensor can carry a known amount of 
5 glucose oxidase on an electrode system, together with 
an electron acceptor in their stabilized state. As a result, 
the electrode system can be integrated with the reaction 
layer almost in dry state. 

i i j uu^i I uiuo^i iovi io i ivi 1 1 iciuy uio|>Oociujo cu iu tcr~ 

10 cilitates measurement of the concentration of a sub- 
strate (glucose in this case) by a simple instillation of a 
measuring sample in a sensor chip mounted in a meas- 
urement device. Therefore, this biosensor has been at- 
tracting much attention recently and is widely applied 

15 effectively in determining diagnostic guidelines at vari- 
ous medical facilities. 

[0012] As shown above, with this conventional bio- 
sensor, the electron acceptor present in the reaction lay- 
er is an organic compound or a metal complex such as 

20 ferricyanides, ferrocene derivatives, quinone deriva- 
tives, etc. and particularly preferred is a potassium salt. 
[0013] However, the presence of potassium ions ex- 
ceeding physiological level has an adverse effect on the 
condition of red blood cell (RBC), leading to a collapse 

25 of RBC. Such event impairs the response of the sensor 
to a blood sample. Therefore, it is sometimes observed 
that the sensor response varied depending on the 
number of RBCs in the blood sample, even if the sub- 
strate concentration in the blood is the same. 

30 

BRIEF SUMMARY OF THE INVENTION 

[001 4] The object of the present invention is to provide 
a biosensor which can best eliminate the adverse influ- 
35 ence of RBC present in blood together with a substrate, 
thereby facilitating high accuracy quantitation of the 
substrate. 

[0015] The present invention provides a biosensor 
comprising an electrode system including a working 

40 electrode and a counter electrode formed on an electri- 
cally insulating base plate; and a reaction layer contain- 
ing at least an oxidoreductase and an electron acceptor, 
wherein the electron acceptor is a sodium salt. 
[0016] In a preferred mode of the present invention, 

45 the sodium salt is sodium ferricyanide. 

[0017] While the novel features of the invention are 
set forth particularly in the appended claims, the inven- 
tion, both as to organization and content, will be better 
understood and appreciated, along with other objects 

so and features thereof, from the following detailed de- 
scription taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS 

55 

[0018] FIG. 1 is an exploded perspective view of a bi- 
osensor in accordance with one example of the present 
invention, from which the reaction layer has been omit- 
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ted. 

[001 9] FIG. 2 is a longitudinal cross-sectional view of 
the vital part of the biosensor. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0020] Sodium ions produced by dissolution of a so- 
dium salt in a sample solution have less influence on the 
morphological change of RBC in blood. This means that 
the use of a sodium salt for electron acceptor best elim- 
inates the effect of the difference of RBC content in 
blood on the sensor response. 
[0021 ] Such sodium salt may be exemplified as sodi- 
um ferricyanide, sodium (i-naphthoquinone-4-sul- 
fonate, and the like. 

[0022] The biosensor in accordance with the present 
invention is applicable to the quantitative measurement 
of any component contained in blood. The usable oxi- 
doreductase for the biosensor, therefore, includes glu- 
cose oxidase, glucose dehydrogenase, alcohol oxi- 
dase, alcohol dehydrogenase, cholesterol oxidase, cho- 
lesterol dehydrogenase, lactate oxidase, lactate dehy- 
drogenase, ascorbate oxidase, bilirubin oxidase, and 
the like. 

[0023] By selecting one from the above-exemplified 
oxidoreductases, a glucose sensor, an alcohol sensor, 
a cholesterol sensor, a lactate sensor, an ascorbate sen- 
sor, a bilirubin sensor, etc. can be produced with the bi- 
osensor in accordance with the present invention. 
[0024] It is preferred from the aspect of protection of 
the surface of the electrode system formed on the base 
plate from the enzyme and electron acceptor to cover 
the electrode system with a hydrophilic polymer. 
[0025] The hydrophilic polymer used for this purpose 
is at least one selected from the group consisting of car- 
boxymethyl cellulose, hydroxyethyl cellulose, hydroxy- 
propyl cellulose, carboxyethylmethyl cellulose, polyvinyl 
pyrrolidone, polyvinyl alcohol, gelatin and its derivative, 
a polymer of acrylic acid or an acrylate, a polymer of 
methacrylic acid or a methacrylate, starch and its deriv- 
ative, a polymer of maleic anhydride or a maleate. 
[0026] The system for measuring the oxidation cur- 
rent value includes a two-electrode system comprising 
a working electrode and a counter electrode and a three- 
electrode system further comprising a reference elec- 
trode. The latter can produce more accurate measure- 
ment results. In the following, the present invention will 
be described more specifically by way of concrete ex- 
amples. 

[0027] FIG. 1 shows an exploded perspective view of 
a biosensor in accordance with the present invention 
with an omission of the reaction layer. 
[0028] As shown in FIG. 1 , a silver paste is printed on 
an electrically insulating base plate 1 of polyethylene 
terephthalate by the screen printing method so as to 
form leads 2 and 3 on the base plate 1. Subsequently, 
a conductive carbon paste containing a resin binder is 



printed on the base plate 1 so as to form a working elec- 
trode 4. The working electrode 4 is in contact with the 
lead 2. Then, an electrically insulating layer 6 is further 
formed on the base plate 1 by printing thereon an insu- 
lating paste. The electrically insulating layer 6 covers 
the periphery of the working electrode 4 so as to hold 
the exposed area. of the working electrode 4 constant. 
Thereafter, a conductive carbon paste containing a resin 
binder is printed on the base plate 1 so as to cause the 
carbon paste to contact the previously formed lead 3, 
which formed a ring-like counter electrode 5. 
[0029] Then, a reaction layer is formed on or in the 
vicinity of the electrode system comprising the working 
electrode and the counter electrode. The electrically in- 
sulating base plate 1 having thereon the reaction layer, 
a cover 9 having an air vent 11 and a spacer 10 are 
bonded to each other in a positional relationship as 
shown by the dotted chain line in FIG. 1 , which gives a 
biosensor of the present invention. The spacer 10 has 
a slit 13 for forming a sample supply path between the 
base plate and the cover. Numeral 12 corresponds to 
an opening of the sample supply path. 
[0030] FIG. 2 shows the longitudinal cross-section of 
the vital part of a biosensor embodied in one example 
of the present invention, from which the spacer and the 
cover have been omitted. 

[0031] The electrically insulating base plate 1 above 
which the electrode system has been formed as shown 
in FIG. 1 is further formed thereon with a hydrophilic pol- 
ymer layer 7, an enzyme-containing layer or a reaction 
layer 8 containing an enzyme and an electron acceptor,, 
and a lecithin layer 8a. 

Example 1 

35 

[0032] In this example, an aqueous solution of car- 
boxymethyl cellulose (hereinafter referred to as "CMC") 
was dropped on the electrode system formed above the 
base plate 1 in FIG. 1 and dried for 10 min in a hot drier 

^0 at 50 °C so as to form the CMC layer 7. Then, a mixed 
aqueous solution was formulated by dissolving 200 
units of glucose oxidase and 40 umol of sodium ferricy- 
anide in 1 ml of water. The resultant mixed aqueous so- 
lution (5 pi) was dropped on the previously formed CMC 

45 layer 7 and dried for 1 0 min in a hot drier at 50 °C sim- 
ilarly so as to form the reaction layer 8 containing an 
oxidoreductase (glucose oxidase) and an electron ac- 
ceptor (sodium ferricyanide). 

[0033] Then, a toluene solution of lecithin was further 
50 dropped above the reaction layer 8 and dried to form the 
lecithin layer 8a. After formation of those layers on the 
base plate 1 , the cover 9 and the spacer 1 0 were bonded 
to the base plate 1 in a positional relationship shown by 
the dotted chain line in FIG. 1. In this way, a glucose 
55 . sensor of this example was produced. 

[0034] Blood samples containing 300 mg/dl glucose 
and having an RBC volume ratio (hematocrit reading) 
of 0%, 25%, 38% and 50% were formulated and used 
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as the sample solutions for the glucose sensor. The 
blood sample of hematocrit 0% represents plasma. 
[0035] When 3 \i\ of the plasma sample solution was 
supplied from the opening 1 2 of the sample supply path, 
the sample solution advanced up to the air vent 11 and 
dissolved the CMC layer 7, the reaction layer 8 and the 
lecithin layer 8a present above the electrode system. 
Twenty-five seconds after supply of the sample solution, 
a constant voltage of +0.5 V was applied to the working 
electrode 4 using the counter electrode 5 of the elec- 
trode system as reference, and the current value was 
measured 5 seconds after voltage application. 
[0036] The current values for the sample solutions 
having a hematocrit reading of 25%, 38% and 50% were 
determined in the same manner as shown above. 
[0037] The responsive current value of the glucose 
sensor was constant irrespective of the hematocrit value 
of the sample. 

Comparative Example 1 

[0038] The CMC layer 7 was formed on the electrode 
system in FIG. 1 in the same manner as in Example 1. 
Then, another mixed aqueous solution was formulated 
by dissolving 200 units of glucose oxidase and 40 umol 
of potassium ferricyanide in 1 ml of water. The resultant 
mixed aqueous solution (5 \x\) was dropped on the pre- 
viously formed CMC layer 7 and dried for 10 min in a 
hot drier at 50 °C so as to form the reaction layer 8 con- 
taining an oxidoreductase (glucose oxidase) and an 
electron acceptor (potassium ferricyanide). 
[0039] Then, the lecithin layer 8a was formed above 
the reaction layer in the same manner as in Example 1, 
which gave a glucose sensor of Comparative Example 
1 . The glucose sensor was evaluated for its response 
characteristic in the same manner as in Example 1 . 
[0040] The responsive current value decreased with 
the increases of hematocrit reading. The ratio of the re- 
sponsive current value is shown in Table 1 . In the table, 
the responsive current value of the sensor to plasma 
(hematocrit 0%) was defined as 1 00%. 



Table 1 



Hematocrit value (%) 


Ratio 


0 


100 


25 


90 


38 


85 


50 


80 



Example 2 

[0041 ] The CMC layer 7 was formed on the electrode 
system in FIG. 1 in the same manner as in Example 1 . 
Then, another mixed aqueous solution was formulated 
by dissolving 400 units of lactate oxidase and 40 pmol 



of sodium ferricyanide in 1 ml of water. The resultant 
mixed aqueous solution (5 nl) was dropped on the pre- 
viously formed CMC layer 7 and dried for 10 min in a 
hot drier at 50 °C so as to form the reaction layer 8 con- 

5 taining an oxidoreductase (lactate oxidase) and an elec- 
tron acceptor (sodium ferricyanide). 
[0042] Then, the lecithin layer 8a was formed above 
the reaction layer in the same manner as in Example 1 , 
which gave a lactate sensor of Example 2. 

io [0043] Blood samples containing 50 mg/dl lactic acid 
and having a hematocrit reading of 0%, 25%, 38% and 
50% Were formulated and used as the sample solutions 
for the lactate sensor. The blood sample of hematocrit 
0% represents plasma. 

15 [0044] The lactate sensor was evaluated for its re- 
sponse characteristic in the same manner as in Exam- 
ple 1 . The results showed constant responsive current 
values of the lactate sensor irrespective of the hemat- 

\JKsl II lOVci. 

20 

Comparative Example 2 

[0045] The CMC layer 7 was formed on the electrode 
system in FIG. 1 in the same manner as in Example 1. 
25 Then, another mixed aqueous solution was formulated 
by dissolving 400 units of lactate oxidase and 40 jimol 
of potassium ferricyanide in 1 ml of water. The resultant 
mixed aqueous solution (5 uJ) was dropped on the pre- 
viously formed CMC layer 7 and dried for 10 min in a 
30 hot drier at 50 °C so as to form the reaction layer 8 con- 
taining an oxidoreductase (lactate oxidase) and an elec- 
tron acceptor (potassium ferricyanide). 
[0046] Then, the lecithin layer 8a was formed above 
the reaction layer in the same manner as in Example 1, 
35 which gave a lactate sensor of Comparative Example 2. 
The lactate sensor was evaluated for its response char- 
acteristic in the same manner as in Example 2. 
[0047] The results showed that the responsive current 
value of the lactate sensor decreased with the increases 
40 of hematocrit reading. The ratio of the responsive cur- 
rent value is shown in Table 2. In the table, the respon- 
sive current value of the sensor to plasma (hematocrit 
0%) was defined as 1 00%. 

45 Table 2 



Hematocrit value (%) 


Ratio 


0 


100 


25 


95 


38 


90 


50 


86 



[0048] As discussed above, the present invention can 
provide a biosensor facilitating high accuracy quantita- 
tion of a substrate with no adverse influence of other 
blood component than the substrate in blood. 



25 



7 



EP 0 894 869 A1 



[0049] Although the present invention has been de- 
scribed in terms of the presently preferred embodi- 
ments, it is to be understood that such disclosure is not 
to be interpreted as limiting. Various alterations and 
modifications will no doubt become apparent to those 5 
skilled in the art to which the present invention pertains, 
after having read the above disclosure. Accordingly, it 
is intended that the appended claims be interpreted as 
covering all alterations and modifications as fall within 
the true scope of the invention. 10 

Claims 

1. A biosensor comprising: is 

an electrode system including a working elec- 
trode and a counter electrode formed on an 
electrically insulating base plate, and 
a reaction layer containing at least an oxidore- 20 
ductase and an electron acceptor, wherein said 
electron acceptor is a sodium salt. 

2. The biosensor in accordance with claim 1 , wherein 
said sodium salt is sodium ferricyanide. 25 

3. The biosensor in accordance with claim 1, wherein 
said reaction layer further contains a hydrophiiic 
polymer. 

30 
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